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ABSTRACT
We present results based on a well sampled optical (UBVRI) and ultraviolet
(Swift/UVOT) imaging, and low-resolution optical spectroscopic follow-up observations of
the nearby Type Ic supernova (SN) ASASSN-16fp (SN 2016coi). The SN was monitored dur-
ing the photospheric phase (−10 to +33 days with respect to the B-band maximum light). The
rise to maximum light and early post-maximum decline of the light curves are slow. The peak
absolute magnitude (MV = −17.7 ± 0.2 mag) of ASASSN-16fp is comparable with broad-
lined Ic SN 2002ap, SN 2012ap and transitional Ic SN 2004aw but considerably fainter than
the GRB/XRF associated supernovae (e.g. SN 1998bw, 2006aj). Similar to the light curve,
the spectral evolution is also slow. ASASSN-16fp shows distinct photospheric phase spectral
lines along with the C ii features. The expansion velocity of the ejecta near maximum light
reached ∼16000 km s−1 and settled to ∼8000 km s−1, ∼1 month post-maximum. Analytical
modelling of the quasi-bolometric light curve of ASASSN-16fp suggests that ∼0.1 M⊙ 56Ni
mass was synthesized in the explosion, with a kinetic energy of 6.9+1.5
−1.3 × 10
51 erg and total
ejected mass of ∼4.5± 0.3 M⊙.
Key words: Supernovae: general – supernovae, individual – ASASSN-16fp (SN 2016coi),
galaxies: individual – UGC 11868
1 INTRODUCTION
A large fraction of massive stars undergo catastrophic explosions
at the end point of their lives due to the gravitational collapse
of their cores (e.g. Woosley & Weaver 1986; Heger et al. 2003;
Smartt 2009). Such events are recognized as core-collapse super-
novae (CCSNe). Various physical mechanisms play a crucial role
during the evolutionary phases of these progenitor stars, and conse-
quently, the post-explosion observational features (e.g light curve
shapes, luminosities, spectral evolution etc.) exhibit heterogene-
ity. Among the larger group of CCSNe (see Minkowski 1941;
Filippenko 1997) Type Ib, Ic and IIb constitute the ‘stripped-
envelope, SE’ (Clocchiatti & Wheeler 1997) sub-category where
the progenitor’s outer envelope of hydrogen and/or helium is par-
tially or completely removed before they explode. A radiation-
driven stellar wind (Puls, Vink & Najarro 2008), eruptive mass loss
(Smith & Owocki 2006) and/or mass transfer with a companion
star (Wheeler & Levreault 1985; Podsiadlowski, Joss & Hsu 1992;
Yoon, Woosley & Langer 2010) are the likely mechanisms for the
stripping of the outer envelopes. A sub-population of Type Ic
(He poor or absent) SNe are differentiated with very broad ab-
sorption lines in their spectra which signify high expansion ve-
⋆ E-mail: brajesh.kumar@iiap.res.in
locities of the ejecta (& 14000 km s−1, a few days after the ex-
plosion). These events are commonly designated as ‘broad-line’
Ic SNe (BL-Ic). A small fraction of them are linked with long-
duration gamma ray bursts (GRBs) and X-ray Flash (XRF) e.g.
SN 1998bw/GRB 980425 (Galama et al. 1998; Patat et al. 2001)
and SN 2006aj/XRF 060218 (Pian et al. 2006), while no such
association is observed in a majority of the BL-Ic events e.g.
SN 2012ap (Milisavljevic et al. 2015), SN 2009bb (Pignata et al.
2011), SN 2007ru (Sahu et al. 2009), SN 2003jd (Valenti et al.
2008a), SN 2002ap (Mazzali et al. 2002; Gal-Yam et al. 2002) and
SN 1997ef (Iwamoto et al. 2000).
In recent attempts, using large data samples, several
groups have investigated the observational properties of dif-
ferent SE-SNe using single as well as multi-band photome-
try (c.f. Richardson et al. 2006, 2014; Drout et al. 2011; Cano
2013; Bianco et al. 2014; Pritchard et al. 2014; Taddia et al. 2015;
Lyman et al. 2016; Prentice et al. 2016). Matheson et al. (2001)
compared spectra of different SE-SNe and characterized individ-
ual SNe types in detail. More recently, Modjaz et al. (2014) and
Liu et al. (2016) have, using an updated larger spectroscopic data
set, provided with an identification scheme that helps constrain the
progenitors of different kinds of SE-SNe. All these studies indi-
cate that both Type Ic and BL-Ic SNe exhibit diversity in terms
of their explosion parameters (e.g. mass of ejecta, mass of newly
c© 2017 The Authors
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Table 1. Properties of ASASSN-16fp.
Parameters Value Reference
RA (J2000) α = 21h 59m 04.s14 1
DEC (J2000) δ = 18◦ 11′ 10.′′46 1
Explosion epoch (UT) 2016 May 25.9 Section 3
(JD 2457534.4)
Discovery date (UT) 2016 May 27.6 1
(JD 2457536.1)
Distance 18.1 ± 1.3 Mpc 2
E(B − V)total 0.074 ± 0.002 mag Section 3.3
1 Holoien et al. (2016)
2 NASA/IPAC Extragalactic Database (NED)
synthesized 56Ni and kinetic energy of the explosion). There are a
few SE-SNe such as SN 2004aw that are known to have properties
between Type Ic and BL-Ic SNe. These Ic events, termed as transi-
tional Type Ic (Taubenberger et al. 2006), are just a few in number.
In order to understand them better, detailed studies of similar events
are needed. The nearby supernova ASASSN-16fp exhibits proper-
ties similar to SN 2004aw and provides an opportunity to explore
the observational properties of the transitional Ic events.
ASASSN-16fp was discovered (Holoien et al. 2016) in the
outskirts of the nearby galaxy UGC 11868 (Type: Sm) on 2016
May 27.6 UT (JD 2457536.1) by the Brutus telescope of the All
Sky Automated Survey for SuperNovae (ASAS-SN1) project. The
SN was located approximately 31.7 arcsec North and 7.9 arcsec
West from the center of the host galaxy. The apparent bright-
ness of the SN at the time of discovery was reported as ∼15.7
mag (V-band). It was classified as a broad line Type Ic sim-
ilar to SN 2006aj a few days before the maximum brightness
(Elias-Rosa et al. 2016). Additional spectroscopic data obtained
from various telescopes confirmed the broad-line nature of this
object. The absorption features at 5550 Å , 6300 Å and 6700 Å
present in the spectrum were identified as He i 5876, 6678, and
7065 lines respectively, indicating possible presence of helium in
the ejecta of ASASSN-16fp (Yamanaka et al. 2016). This transient
was also detected in the X-ray, UV (Grupe et al. 2016) and the radio
domain (Nayana & Chandra 2016; Mooley et al. 2016; Argo et al.
2016). Table 1 lists some of the basic parameters of ASASSN-16fp.
We present in this paper the results of photometric (optical
and UV) and low-resolution optical spectroscopic observations of
ASASSN-16fp during the early phase.
2 OBSERVATIONS AND DATA REDUCTION
2.1 Photometric observation
Optical monitoring of ASASSN-16fp began on 2016 May 29
(JD 2457538.4). The observations were carried out in Bessell
UBVRI bands with the Himalayan Faint Object Spectrograph Cam-
era (HFOSC) mounted on the f /9 Cassegrain focus of the 2 m
Himalayan Chandra Telescope (HCT) situated at the Indian Astro-
nomical Observatory (IAO), Hanle, India. HFOSC is equipped with
liquid nitrogen cooled 2k × 4k pixels SITe CCD chip (pixel size
15 × 15 µm). The gain and readout noise of the detector are 1.22
e−/ADU and 4.87e−, respectively. With a plate scale of 0.296 arcsec
1 http://www.astronomy.ohio-state.edu/~assassin/index.
shtml
Figure 1. Identification chart of ASASSN-16fp. The R-band image ob-
tained using the HCT on 2016 June 13 is shown. The field of view is roughly
9.5 arcmin × 9.5 arcmin. The SN is marked and local secondary stars are
numbered with IDs 1 to 16 (see Table 2 for their magnitudes). North is up
and East is to the left.
per pixel, the central 2k × 2k region covers a field of 10′× 10′ on the
sky and the same was used for imaging purpose. We obtained sev-
eral bias and twilight flat frames in addition to the science frames.
The pre-processing of raw data (bias-subtraction, flat-fielding and
cosmic ray removal) was performed using the standard tasks avail-
able in the data reduction software IRAF 2. In order to increase the
signal-to-noise ratio, on some of the nights, multiple frames were
taken and co-added in respective bands after alignment of the im-
ages.
To calibrate a sequence of secondary standards in the SN
field, we observed Landolt photometric standard fields (Landolt
1992) PG 1633+009, PG 2213-006 and SA 110 on four nights
under good photometric conditions along with the SN field. The
point spread function photometry on all frames (including the SN
and Landolt fields) was done using the stand-alone version of
DAOPHOT3 (Stetson 1987, 1992). The average atmospheric extinc-
tion values in U, B, V , R and I bands for the site were adopted
from Stalin et al. (2008). The observed Landolt field stars having a
brightness range of 12.02 6 V 6 16.25 mag and colour range of
−0.22 6 B − V 6 2.53 mag were chosen for the calibration. Using
these stars, transformation to the standard system was derived by
applying the average colour terms and the photometric zero points.
Sixteen secondary standard stars calibrated in this way are marked
in Figure 1 and their respective UBVRI magnitudes averaged over
four nights are listed in Table 2. Since, the location of SN in its host
galaxy is fairly isolated, we did not consider host galaxy flux con-
tamination to the SN. Final results of the SN photometry in UBVRI
bands are listed in Table 3.
The Swift UVOT data on ASASSN-16fp, downloaded
2 IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in As-
tronomy (AURA) under a cooperative agreement with the National Science
Foundation.
3 DAOPHOT stands for Dominion Astrophysical Observatory Photometry.
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Table 2. Identification number (ID) and calibrated magnitudes of stars in the field of ASASSN-16fp used as secondary standards. The quoted errors include
both photometric and calibration errors.
Star U B V R I
ID (mag) (mag) (mag) (mag) (mag)
1 17.28 ± 0.03 17.18 ± 0.03 16.48 ± 0.02 16.10 ± 0.02 15.70 ± 0.02
2 14.99 ± 0.02 15.03 ± 0.01 14.42 ± 0.01 14.07 ± 0.01 13.70 ± 0.01
3 17.07 ± 0.02 16.47 ± 0.02 15.58 ± 0.01 15.10 ± 0.01 14.65 ± 0.01
4 17.32 ± 0.03 16.47 ± 0.02 15.47 ± 0.01 14.94 ± 0.01 14.48 ± 0.01
5 17.43 ± 0.03 16.69 ± 0.02 15.73 ± 0.01 15.19 ± 0.01 14.70 ± 0.01
6 15.74 ± 0.02 15.63 ± 0.02 14.98 ± 0.01 14.60 ± 0.01 14.22 ± 0.01
7 16.59 ± 0.02 16.07 ± 0.02 15.20 ± 0.01 14.72 ± 0.01 14.28 ± 0.01
8 16.87 ± 0.02 16.61 ± 0.02 15.72 ± 0.01 15.20 ± 0.01 14.69 ± 0.01
9 16.22 ± 0.02 16.08 ± 0.02 15.35 ± 0.01 14.92 ± 0.01 14.49 ± 0.01
10 16.06 ± 0.02 15.96 ± 0.01 15.30 ± 0.01 14.90 ± 0.01 14.51 ± 0.01
11 16.84 ± 0.02 16.86 ± 0.02 16.22 ± 0.02 15.82 ± 0.02 15.42 ± 0.02
12 17.09 ± 0.03 16.59 ± 0.02 15.75 ± 0.01 15.29 ± 0.01 14.87 ± 0.01
13 15.29 ± 0.02 14.95 ± 0.01 14.16 ± 0.01 13.72 ± 0.01 13.31 ± 0.01
14 16.73 ± 0.02 16.58 ± 0.02 15.84 ± 0.02 15.42 ± 0.01 15.01 ± 0.01
15 16.31 ± 0.02 16.24 ± 0.02 15.54 ± 0.01 15.12 ± 0.01 14.72 ± 0.01
16 16.44 ± 0.02 16.46 ± 0.02 15.78 ± 0.01 15.36 ± 0.02 14.94 ± 0.01
Table 3. The UBVRI photometric magnitudes of ASASSN-16fp. Error denotes 1σ uncertainty.
Date JD Phase∗ U B V R I
(yyyy-mm-dd) 2457000+ (d) (mag) (mag) (mag) (mag) (mag)
2016-05-29 538.4 −9.8 15.37 ± 0.03 15.64 ± 0.03 14.95 ± 0.02 14.64 ± 0.02 14.69 ± 0.02
2016-05-30 539.3 −8.9 15.19 ± 0.03 15.46 ± 0.03 14.73 ± 0.02 14.46 ± 0.02 14.52 ± 0.02
2016-05-31 540.4 −7.8 15.07 ± 0.03 15.28 ± 0.03 14.51 ± 0.02 14.27 ± 0.02 14.35 ± 0.02
2016-06-01 541.4 −6.8 14.98 ± 0.02 15.15 ± 0.02 14.34 ± 0.02 14.14 ± 0.02 14.21 ± 0.02
2016-06-02 542.5 −5.8 14.92 ± 0.02 – 14.19 ± 0.02 14.01 ± 0.02 –
2016-06-03 543.4 −4.8 14.88 ± 0.02 14.93 ± 0.02 14.07 ± 0.02 13.87 ± 0.02 13.98 ± 0.02
2016-06-05 545.4 −2.8 14.86 ± 0.04 14.82 ± 0.04 13.90 ± 0.03 13.71 ± 0.03 13.83 ± 0.03
2016-06-10 550.3 +2.2 14.97 ± 0.02 14.80 ± 0.03 13.76 ± 0.02 13.53 ± 0.02 13.62 ± 0.02
2016-06-11 551.4 +3.3 – – – 13.52 ± 0.02 –
2016-06-13 553.4 +5.2 15.14 ± 0.02 14.92 ± 0.03 13.77 ± 0.02 13.49 ± 0.02 13.54 ± 0.02
2016-06-16 556.4 +8.2 15.39 ± 0.02 15.13 ± 0.03 13.86 ± 0.02 13.52 ± 0.02 13.54 ± 0.02
2016-06-18 558.4 +10.2 15.62 ± 0.02 15.30 ± 0.03 13.95 ± 0.02 13.55 ± 0.02 13.56 ± 0.02
2016-06-19 559.4 +11.2 15.73 ± 0.02 15.39 ± 0.04 14.00 ± 0.02 13.58 ± 0.02 13.58 ± 0.03
2016-06-21 561.3 +13.2 15.98 ± 0.02 15.59 ± 0.02 14.12 ± 0.02 13.63 ± 0.02 13.62 ± 0.02
2016-06-22 562.4 +14.2 16.11 ± 0.04 15.68 ± 0.04 14.17 ± 0.03 13.67 ± 0.03 13.65 ± 0.03
2016-06-24 564.5 +16.3 – – 14.28 ± 0.02 13.75 ± 0.02 –
2016-06-26 566.3 +18.1 16.47 ± 0.02 15.96 ± 0.02 14.36 ± 0.02 13.82 ± 0.02 13.73 ± 0.02
2016-06-30 570.4 +22.2 16.82 ± 0.04 16.27 ± 0.03 14.64 ± 0.02 13.98 ± 0.03 13.87 ± 0.04
2016-07-01 571.4 +23.2 16.86 ± 0.03 16.31 ± 0.02 14.69 ± 0.02 14.05 ± 0.02 13.90 ± 0.02
2016-07-03 573.5 +25.3 – – 14.79 ± 0.02 14.15 ± 0.02 13.97 ± 0.02
2016-07-05 575.3 +27.1 17.05 ± 0.02 16.47 ± 0.02 14.87 ± 0.03 14.20 ± 0.02 14.01 ± 0.02
2016-07-06 576.2 +28.1 17.08 ± 0.02 16.52 ± 0.02 14.93 ± 0.02 14.25 ± 0.02 14.03 ± 0.02
2016-07-10 580.4 +32.2 – – – 14.35 ± 0.04 14.12 ± 0.05
2016-07-11 581.4 +33.3 17.19 ± 0.03 16.65 ± 0.03 15.12 ± 0.02 14.42 ± 0.02 14.17 ± 0.03
∗ With reference to the B-band maximum (JD 2457548.2).
from the Swift database (http://www.swift.ac.uk/swift_
portal/) are also used in this work. The SN was monitored in
the UVOT uvw2, uvm2, uvw1, u, b, and v bands (see, Poole et al.
2008). These observations began on JD 2457536.2 and continued
up to JD 2457581.4. The prescriptions of Brown et al. (2009) were
adopted to reduce the UVOT data. Aperture photometry was per-
formed to estimate the SN magnitudes, using uvotsource task in
HEASoft (High Energy Astrophysics Software). It is recommended
using an aperture size of 5′′ to estimate the magnitudes. However,
since the SN was faint, we used a smaller aperture size of 3′′, and
applied aperture corrections as listed by Poole et al. (2008). The
background counts were determined from the nearby region having
an aperture size similar to that used for the SN. Final Swift magni-
tudes (in Vega-system) are listed in Table 4.
2.2 Spectroscopic observation
Low-resolution optical spectroscopic observations of ASASSN-
16fp were obtained at seventeen epochs during 2016 May 30
(JD 2457539.4) to 2016 July 11 (JD 2457581.4). All spectra were
MNRAS 000, 1–13 (2017)
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Table 4. The Swift-UVOT photometric magnitudes of ASASSN-16fp, (in Vega-system).
Date JD Phase∗ u b v uvm2 uvw1 uvw2
(yyyy-mm-dd) 2457000+ (d) (mag) (mag) (mag) (mag) (mag) (mag)
2016-05-27 536.2 −12.0 15.88 ± 0.06 16.45 ± 0.07 15.78 ± 0.08 17.54 ± 0.13 16.53 ± 0.08 17.74 ± 0.16
2016-05-29 537.9 −10.3 15.27 ± 0.03 15.81 ± 0.03 15.10 ± 0.03 17.00 ± 0.08 16.13 ± 0.05 17.09 ± 0.05
2016-06-03 543.1 −5.1 14.69 ± 0.05 14.93 ± 0.05 13.97 ± 0.05 17.21 ± 0.11 – 16.77 ± 0.01
2016-06-04 544.3 −3.9 14.69 ± 0.05 14.86 ± 0.04 13.86 ± 0.05 17.37 ± 0.12 15.96 ± 0.07 16.93 ± 0.09
2016-06-05 544.5 −3.7 14.74 ± 0.05 14.91 ± 0.04 13.90 ± 0.04 17.26 ± 0.10 15.91 ± 0.07 17.07 ± 0.10
2016-06-06 546.1 −2.1 14.79 ± 0.06 14.83 ± 0.04 13.77 ± 0.05 17.26 ± 0.12 15.96 ± 0.09 17.21 ± 0.12
2016-06-07 546.6 −1.6 14.73 ± 0.05 14.79 ± 0.04 13.77 ± 0.05 17.46 ± 0.13 16.08 ± 0.08 16.91 ± 0.10
2016-06-08 547.9 −0.3 14.84 ± 0.05 14.80 ± 0.04 13.68 ± 0.04 17.43 ± 0.16 16.17 ± 0.08 17.08 ± 0.10
2016-06-10 549.8 +1.6 14.97 ± 0.05 14.81 ± 0.04 13.66 ± 0.04 17.85 ± 0.12 16.28 ± 0.07 17.23 ± 0.09
2016-06-11 551.0 +2.8 15.05 ± 0.05 14.82 ± 0.04 13.63 ± 0.04 17.78 ± 0.12 16.36 ± 0.08 17.29 ± 0.10
2016-06-12 552.3 +4.2 15.08 ± 0.06 14.84 ± 0.04 13.64 ± 0.04 18.15 ± 0.20 16.26 ± 0.08 17.51 ± 0.13
2016-06-12 552.4 +4.2 15.10 ± 0.07 14.89 ± 0.05 13.67 ± 0.05 17.92 ± 0.18 16.40 ± 0.11 17.65 ± 0.16
2016-06-14 554.4 +6.2 15.41 ± 0.05 15.01 ± 0.04 13.71 ± 0.04 18.06 ± 0.14 16.66 ± 0.08 17.58 ± 0.19
2016-06-15 554.9 +6.8 15.48 ± 0.06 15.02 ± 0.04 13.66 ± 0.04 18.03 ± 0.15 16.68 ± 0.09 17.55 ± 0.11
2016-06-16 556.0 +7.8 15.49 ± 0.06 15.02 ± 0.04 13.77 ± 0.04 18.30 ± 0.20 16.78 ± 0.10 17.53 ± 0.12
2016-06-18 558.1 +9.9 15.75 ± 0.07 15.27 ± 0.04 13.81 ± 0.04 17.99 ± 0.15 17.07 ± 0.12 18.09 ± 0.18
2016-06-21 561.0 +12.9 15.49 ± 0.04 15.49 ± 0.04 14.01 ± 0.04 18.37 ± 0.16 17.12 ± 0.10 18.20 ± 0.16
∗ With reference to the B-band maximum (JD 2457548.2).
Table 5. Log of spectroscopic observations of ASASSN-16fp.
Date J.D. Phase∗ Range
(yyyy-mm-dd) (2457000+) (d) (Å)
2016-05-30 539.4 −8.8 3500–9250
2016-05-31 540.4 −7.8 3500–9250
2016-06-01 541.4 −6.8 3500–9250
2016-06-02 542.4 −5.8 3500–7800
2016-06-03 543.4 −4.8 3500–9250
2016-06-10 550.3 +2.2 3500–9250
2016-06-11 551.4 +3.2 3500–9250
2016-06-13 553.4 +5.2 3500–9250
2016-06-17 557.4 +9.3 3500–9250
2016-06-19 559.3 +11.1 3500–9250
2016-06-21 561.4 +13.2 3500–9250
2016-06-24 564.4 +16.3 3500–9250
2016-06-26 566.3 +18.1 3500–9250
2016-06-30 570.4 +22.2 3500–9250
2016-07-01 571.4 +23.3 3500–9250
2016-07-06 576.2 +28.0 3500–9250
2016-07-11 581.4 +33.3 5200–9250
∗ With reference to the B-band maximum (JD 2457548.2).
obtained using grisms Gr#7 (3500–7800 Å) and Gr#8 (5200–9250
Å) with the HFOSC, having a resolution of ∼7 Å. The journal of
spectroscopic observations is given in Table 5. Calibration frames
such as spectra of arc lamp and spectrophotometric standards were
also obtained. Spectroscopic data reduction was done under the
IRAF environment. Bias and flat field corrections were performed
on each frame, and the one dimensional spectra extracted using
the optimal extraction method. The dispersion solutions obtained
using arc lamp spectra were used for wavelength calibration. To
secure the wavelength calibration, night-sky emission lines were
used, and wherever necessary small shifts were applied. Instrumen-
tal response curves, derived using the spectrophotometric standards
observed on most of the nights, were used for flux calibration. For
those nights where standard star observations were not available,
the response curves obtained during nearby nights were used. To
construct a single flux calibrated spectrum, the flux calibrated spec-
trum in each grism was combined. The spectra were then scaled
with respect to the calibrated UBVRI fluxes to bring them to an
absolute flux scale. Finally, the SN spectra were corrected for the
host galaxy redshift of z = 0.0037 (from NED), and de-reddened by
a total reddening E(B − V) = 0.074 mag (see Section 3.3).
3 LIGHT CURVE PROPERTIES
A discussion on the epoch of explosion, the multi-band light curves,
colour evolution and absolute V-band light curve of ASASSN-16fp
is provided in this section. These properties are compared with
other well studied Ic and BL-Ic events.
3.1 Explosion epoch
Given the fact that we have good cadence of data points during the
pre-maximum phase, we estimated the explosion epoch by fitting a
power law of the form L(t) = C × (t − t0)α to the initial data points
(pre-maximum). Here, L denotes the luminosity at time t, the pa-
rameter C defines the rising rate, t0 is the time of explosion and
α is a free parameter. The best fit to the observed data points pro-
vides an explosion date of 2016 May 26.8 ± 0.6 (JD 2457535.3).
ASASSN-16fp was detected on 2016 May 27.6 (see Section 1),
with pre-outburst last non-detection reported on 2016 May 21.5
(see Holoien et al. 2016). Assuming the SN exploded between the
last non-detection and the date of discovery, the explosion date may
be estimated as 2016 May 25 (JD 2457533.5 ± 3). We adopt an
average of the above two i.e. 2016 May 25.9 (JD 2457534.4) as
our estimate to the date of the explosion of ASASSN-16fp. This is
consistent with the explosion epoch of JD 2457533.0 estimated by
Yamanaka et al. (2017).
3.2 Light curve features
The UBVRI and Swift UVOT light curves of ASASSN-16fp are
shown in Figure 2. The follow-up observations began on 2016 May
29 (JD 2457638.4) and continued until around 30 d after B-band
MNRAS 000, 1–13 (2017)
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Table 6. Estimated light curve parameters of ASASSN-16fp.
Parameter U B V R I
JD max (2457000+) 545.8 ± 0.5 548.2 ± 0.4 550.7 ± 0.4 553.2 ± 0.4 555.3 ± 0.5
T#
peak
(days) –3.4 ± 0.6 0 +2.5 ± 0.6 +5.0 ± 0.6 +7.1 ± 0.6
Apparent mag at max 14.84 ± 0.02 14.76 ± 0.01 13.74 ± 0.01 13.50 ± 0.01 13.54 ± 0.01
∆m15 1.06 ± 0.04 1.01 ± 0.03 0.60 ± 0.02 0.42 ± 0.02 0.32 ± 0.02
# Time to reach the maximum for each band with respect to the B-band maximum.
Table 7. Basic information of the SNe sample used in this study.
SN name Type E(B − V)tot Distance modulus References
(mag) (mag)
1997ef BL-Ic – 33.63 1
1998bw BL-Ic (GRB-SN) 0.05 32.28 2, 3, 4
2002ap BL-Ic 0.08 29.50 5, 6, 7, 8, 9
2003jd BL-Ic 0.14 34.46 10
2004aw Tr-Ic 0.37 34.17 11
2006aj BL-Ic (XRF-SN) 0.13 35.60 12, 13, 14
2007ru BL-Ic 0.26 34.15 15
2007gr Ic 0.09 29.84 16, 17
2009bb BL-Ic 0.58 33.01 18
2010bh BL-Ic (XRF-SN) 0.49 36.90 19, 20
2012ap BL-Ic 0.45 33.17 21
2014ad BL-Ic 0.24 32.11 22
References: 1 (Mazzali et al. 2000), 2 (Iwamoto et al. 1998), 3 (Galama et al. 1998), 4 (Clocchiatti et al. 2011), 5 (Gal-Yam et al. 2002), 6 (Foley et al. 2003),
7 (Mazzali et al. 2002), 8 (Pandey et al. 2003), 9 (Yoshii et al. 2003), 10 (Valenti et al. 2008a), 11 (Taubenberger et al. 2006), 12 (Mirabal et al. 2006), 13
(Pian et al. 2006), 14 (Sollerman et al. 2006), 15 (Sahu et al. 2009), 16 (Hunter et al. 2009), 17 (Valenti et al. 2008b), 18 (Pignata et al. 2011), 19 (Cano et al.
2011), 20 (Olivares E. et al. 2012), 21 (Milisavljevic et al. 2015), 22 (Sahu et al. 2017).
maximum. During this time span, we obtained photometric obser-
vations at 24 epochs with the HCT, and at 17 epochs with Swift
satellite.
The epoch of maximum magnitude in different bands and their
corresponding brightness were determined by fitting a low-order
polynomial to the observed data points around the maximum light.
The derived values are listed in Table 6. The light curve evolution
of ASASSN-16fp follows the behaviour exhibited by other Ic/BL-
Ic SNe i.e. the peak in the bluer bands appear earlier than the redder
bands, which is attributed to the underlying spectrum and/or cool-
ing of the photosphere (Taddia et al. 2015). The maximum in the
B-band occurred on JD 2457548.2 ± 0.4 (i.e. around 14 d after the
explosion) with an apparent magnitude of 14.76 ± 0.01 mag while,
in the U-band, it peaked 3.4 days earlier. It took around 2.5, 5 and
7 days after B-band maximum to reach to maximum light in the V ,
R and I bands, respectively (cf. Table 6).
In Figure 3, the UBVRI light curves of ASASSN-16fp are
plotted along with those of other well studied Type Ic and BL-Ic
SNe (see Table 7). The light curves of SNe used for the compari-
son were shifted in time axis to match the epoch of B-band max-
ima of ASASSN-16fp, and normalized with respect to their peak
magnitudes. For the purpose of comparison, only those objects that
have densely sampled light curves, with coverage around maximum
light were considered. The U-band light curve of ASASSN-16fp is
compared with those of SN 2002ap, SN 2004aw, SN 2007gr and
SN 1998bw, as only these objects fit in our criteria.
A careful inspection of Figure 3 reveals that the light curves
of ASASSN-16fp is broad in all the bands. Both the rise and de-
cline of the light curves are slower than most of the objects used in
comparison. The evolution of U-band light curve of ASASSN-16fp
Figure 2. The observed light curves of ASASSN-16fp in optical UBVRI
and uvw2, uvm2, uvw1 and u, b, v NUV-optical (Swift UVOT) bands. For
clarity, the light curves in different bands have been shifted vertically by the
indicated amount.
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Figure 3. Comparison of UBVRI light curves of ASASSN-16fp (indicated
with red dot symbols) with other well observed BL-Ic events from the lit-
erature SN 2014ad, 2012ap, 2009bb, 2007ru, 2003jd, 2002ap and 1998bw
along with transitional Ic SN 2004aw and normal Ic SN 2007gr. The com-
pared light curves of the SNe have been shifted arbitrarily to match the date
of maximum and magnitude at maximum in the respective bands.
between 0 to +20 d is slower than SN 1998bw, 2002ap, 2004aw and
2007gr. The post-maximum evolution of BVRI band light curves of
SN 2004aw and ASASSN-16fp are similar. The ∆m15 (decline in
magnitude after 15 days post-maximum) parameter of ASASSN-
16fp and SN 2004aw are comparable, except for U-band. The re-
spective ∆m15 values in U, B, V , R and I bands for ASASSN-16fp
are 1.06 ± 0.04, 1.01 ± 0.03, 0.60 ± 0.02, 0.42 ± 0.02 and 0.32 ±
0.02 and for SN 2004aw 1.62 ± 0.25, 1.09 ± 0.04, 0.62 ± 0.03, 0.41
± 0.03 and 0.34 ± 0.03 (Taubenberger et al. 2006). The ∆m15,R of
ASASSN-16fp is slightly lower than the mean ∆m15,R computed by
Drout et al. (2011) for a sample of BL-Ic (0.6 ± 0.14 mag) and nor-
mal Ic (0.73 ± 0.27 mag) events. This emphasizes the slow decline
of ASASSN-16fp light curves compared to normal Ic and BL-Ic
events, while being similar to the transitional Ic SN 2004aw.
In Figure 4, we compare the peak absolute magnitudes in V-
band (MV ) for various well studied Ic and BL-Ic SNe. The MV
is estimated after correcting for extinction and adopting distance
measurements from the respective studies as listed in Table 7. In
case of the host galaxy UGC 11868 of ASASSN-16fp, precise dis-
tance measurement (e.g. cepheid distances) is unavailable. How-
ever, for the present study, we have adopted distance4 of 18.1± 1.3
Mpc (µ = 31.29± 0.15 mag, H0 = 73 km sec−1 Mpc−1). With MV
= −17.70 ± 0.2 mag, the absolute V-band luminosity of ASASSN-
16fp is comparable with BL-Ic SN 2012ap (MV = −17.9 ± 0.10
mag, Milisavljevic et al. 2015), SN 2002ap (MV = −17.37 ± 0.05
mag, Foley et al. 2003; Pandey et al. 2003) and transitional Ic
SN 2004aw (MV = 18.02 ± 0.39 mag, Taubenberger et al. 2006).
4 The distance was taken from NASA/IPAC Extragalactic Data base
http://ned.ipac.caltech.edu/, and it is corrected for Virgo infall.
Figure 4. Comparison of the MV light curve of ASASSN-16fp (shown
with red dot symbols and connected with solid line) with other broad line
Ic events: SN 2014ad, 2012ap, 2010bh, 2009bb, 2007ru, 2007gr, 2006aj,
2004aw, 2003jd, 2002ap, 1998bw and 1997ef.
From figure 4 it is evident that there are several BL-Ic events con-
siderably brighter than ASASSN-16fp, while BL-Ic SN 1997ef
(MV = −17.14 mag, Mazzali et al. 2004) and normal Ic SN 2007gr
(MV = −17.22 ± 0.18 mag, Hunter et al. 2009) are ∼0.5 mag
fainter than ASASSN-16fp. The absolute R-band luminosity of MR
= −17.96 ± 0.15 mag for ASASSN-16fp is ∼1 mag fainter than
BL-Ic sample (MR = −19.0 mag) of Drout et al. (2011), but only
slightly fainter than their normal Ic sample (MR = −18.3 mag).
3.3 Extinction and colour evolution
The Galactic reddening towards ASASSN-16fp is E(B − V) =
0.074 ± 0.002 mag (Schlafly & Finkbeiner 2011). The strength of
Na i D absorption lines is found to be coupled with the reddening
(Barbon et al. 1990; Turatto et al. 2003), though exceptions exist
(Poznanski et al. 2011). In the low-resolution spectra presented in
this work, a weak Na i D absorption due to the ISM in the Milky
Way is seen, while none detected at the redshift of the host galaxy.
The absence of Na i D line at rest wavelength of the host indicates
negligible extinction within the host galaxy. A similar conclusion
has also been arrived at by Yamanaka et al. (2017). We have used
E(B − V) = 0.074 mag for further analysis in this paper.
Figure 5 presents the evolution of the reddening corrected
U − B, B − V , V − R and R − I colours for SNe ASASSN-16fp,
2014ad, 2012ap, 2009bb, 2007gr, 2007ru, 2004aw, 2003jd, 2002ap
and 1998bw. The extinction values for these events have been taken
from the references as mentioned in Table 7. The diverse nature of
colour evolution is likely due to the varying nature of the expan-
sion and cooling of the SN photosphere. Both (U−B)0 and (B−V)0
colours of majority of the SNe follow a blue to red trend until about
∼+10 days, and beyond that, the colour evolution is almost flat (cf.
panel a and b in Fig. 5). It is to be noted that among the compared
events, the (B − V)0 colour of ASASSN-16fp is redder by ∼0.6
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Figure 5. The evolution of (U −B)0, (B−V)0, (V −R)0 and (R− I)0 colours
of ASASSN-16fp. For comparison, the similar colour curves of SN 2014ad,
SN 2012ap, SN 2009bb, SN 2007ru, SN 2006aj, SN 2004aw, SN 2003jd,
SN 2002ap and SN 1998bw are also over-plotted. The ASASSN-16fp
colours are shown with red dot symbols and connected with solid line. The
bibliographic sources are the same as mentioned in the text (Section 3).
mag and, continues to be so till the last epoch of data presented
here. The (V − R)0 and (R − I)0 colours are shown in panels (c)
and (d) of Figure 5, respectively. The (V − R)0 color of ASASSN-
16fp exhibits red-blue-red transition between −10 d to +10 d, a
colour variation not evident in the other events used for compari-
son. Drout et al. (2011) have examined the multi-band light curve
of Ibc SNe in the local universe (distance ∼150 Mpc). They have
shown that the (V − R)0 colour of Ibc SNe around 10 days past V-
band maximum shows very small scatter, ranging between 0.18 to
0.34 mag (with a mean (V − R)0 colour 0.26 ± 0.06 mag). Using
a set of theoretical models Dessart et al. (2016) have confirmed the
findings of Drout et al. (2011). At similar epoch, the (V−R)0 colour
of ASASSN-16fp is ∼0.43 ± 0.02 mag indicating it to be intrinsi-
cally redder. The (R− I)0 colour evolution of compared SNe shows
considerable dispersion.
3.4 Bolometric light curve and explosion parameters
The bolometric light curve is crucial for calculation of various ex-
plosion parameters such as amount of ejecta mass expelled during
the explosion (Mej), kinetic energy (Ek), mass of 56Ni synthesized
in the explosion. These in turn help to infer the nature of the progen-
itor. The quasi-bolometric light curve of ASASSN-16fp was con-
structed using the optical (UBVRI) and Swift UVOT magnitudes
presented in Section 3. The data were interpolated wherever it was
necessary and observed magnitudes were corrected for extinction
E(B − V) = 0.074 mag. The extinction corrected magnitudes were
then converted to monochromatic flux at the filter effective wave-
length, using the magnitude to flux conversion zero points from
Bessell et al. (1998) and Poole et al. (2008). The fluxes were then
interpolated using the spline fitting. To obtain the quasi-bolometric
Figure 6. The quasi-bolometric light curve of ASASSN-16fp compared
with other Type Ic and BL-Ic events. Optical and optical + Swift UV bolo-
metric light curves of ASASSN-16fp are over-plotted with different sym-
bols. For clarity, optical + Swift UV light curve of ASASSN-16fp is con-
nected with solid line and also shown in inset.
luminosity, fluxes from 0.31 µm to 0.93 µm were integrated. Ad-
ditionally, when Swift data was available (between JD 2457536.2
to JD 2457561.0) flux was integrated from 0.16 µm to 0.93 µm.
The quasi-bolometric luminosities estimated from both optical and
optical + Swift UV magnitudes are shown with different symbols
in Figure 6. The bolometric light curves of several other well stud-
ied Ic and BL-Ic SNe, estimated in a similar way have also been
plotted in the same figure. The bolometric light curve of ASASSN-
16fp peaked at JD 2457559.5 with log(Lbol) = 42.26 erg s−1. It
is fainter than GRB associated SN 1998bw, BL-Ic SNe 2014ad,
2009bb, 2007ru, and transitional Ic SN 2004aw. It is also brighter
than BL-Ic SN 2002ap, and comparable to BL-Ic SN 2012ap and
normal Ic SN 2007gr. During the post-peak phase, the evolution of
bolometric light curve of ASASSN-16fp is slower than SN 2002ap,
2007gr and 2012ap.
In SE-SNe the bolometric luminosity peak is mainly domi-
nated by the decay of 56Ni and the shape is determined by ki-
netic energy (Ek) and total mass of the ejecta (Mej). To derive ex-
plosion parameters for ASASSN-16fp we followed the analytical
model originally proposed by Arnett (1982) and later updated by
Valenti et al. (2008a). This model is valid only during the photo-
spheric phase where ejecta is optically thick. The model involve
various assumptions such as spherically symmetric and homolo-
gous expansion of the ejecta, centrally located and unmixed 56Ni,
small stellar radius (at the onset of explosion), and a constant opac-
ity (κopt).
The model comprises two free parameters MNi and τm. The
timescale (τm) of the light curve is represented by
τm =
(
κopt
βc
)1/2 6M
3
ej
5Ek

1/4
(1)
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In the equation, β ≈ 13.8 is a constant of integration (Arnett
1982) and c is speed of light. The optical opacity κopt is adopted
as 0.07 cm2 g−1 (eg. Chugai 2000; Toy et al. 2016). For a uniform
density (Arnett 1982, 1996), the kinetic energy of ejecta can be
expressed as
Ek ≈
3
5
Mejv
2
ph
2
(2)
The bolometric light curve (optical + Swift UV) till 35 days
after explosion was used for fitting the analytical model. The best
fit values obtained using model fit are MNi = 0.10 ± 0.01 M⊙ and
τm = 15.9 ± 0.1 days. The photospheric velocity around the bolo-
metric maximum is estimated as vph = 16000 ± 1000 km s−1 (see
Section 4.1). Using equations (1) and (2), the values of Mej and Ek
are estimated as 4.50 ± 0.33 M⊙ and 6.87+1.46−1.27 × 10
51 erg, respec-
tively. The best-fit model is shown in Figure 7.
In order to verify the consistency of the derived parameters,
the observed bolometric light curve (optical + Swift UV) is also fit
with the analytical model proposed by Vinkó et al. (2004). Similar
to the Arnett-Valenti model, this model has also several assump-
tions e.g. homologous expansion of the ejecta, spherical symmetric
explosion and constant opacity etc. This model is applicable only
during the post-maximum phase. We used their model C which as-
sumes a core-shell density structure with a constant density core of
fractional radius (x0), and density of the surrounding shell decreas-
ing outward as a power law with exponent n. With a fixed x0 (=
0.15), the best fit (Fig. 7) physical explosion parameters are MNi =
0.12 ± 0.01 M⊙, Mej = 4.3 ± 0.2 M⊙ and Ek = 7.0 ± 1.3 × 1051 erg.
Mej, MNi, γ-ray opacity (κγ), positron opacity (κ+), vph and n were
kept as free parameters for the fitting. The explosion parameters
estimated by both methods are mutually consistent.
It should be noted that no correction has been applied for the
missing flux in the IR-bands. Near-infrared (NIR) flux contribution
to the bolometric flux is found to be significant and varying with
SN age, e.g. near the maximum brightness NIR contributes to ∼20
– 25% which increases to ∼40–50% one month later (Tomita et al.
2006; Valenti et al. 2008a; Cano et al. 2011). Including an NIR
contribution of 20% in pre-maximum, 25% between 0 to +10 days
and 31 to 45% between +10 to +35 days in the UV-optical bolomet-
ric light curve of ASASSN-16fp, both analytical models were re-
fitted. The explosion parameters including the NIR are i.e. Arnett-
Valenti model: MNi = 0.15 ± 0.01 M⊙, Mej = 5.8 ± 0.5 M⊙ and Ek
= 8.9 ± 1.6 × 1051 erg and Vinkó model: MNi = 0.15 ± 0.01 M⊙,
Mej = 5.4 ± 0.2 M⊙ and Ek = 8.8 ± 1.9 × 1051 erg.
4 SPECTRAL ANALYSIS
In the following sections we present the spectral evolution of
ASASSN-16fp, thanks to densely sampled spectroscopic data ob-
tained during the photospheric phase (cf. Table 5). Spectral com-
parison with other well studied events at different epochs is also
presented. The spectroscopic data of SN 2007gr used for compari-
son purpose in this study have been obtained with HCT and these
are unpublished.
4.1 Pre-maximum spectral evolution
Supernova ASASSN-16fp was monitored extensively during the
pre-maximum and early post-maximum phases. The spectral evo-
lution during the pre-maximum phase is presented in Figure 8. The
Figure 7. The analytical model fitting to the bolometric light curve (optical
+ UV) of ASASSN-16fp (see Section 3.4). The solid (blue) and dashed
(red) lines respectively, correspond to the best fitted Arnett-Valenti and
Vinkó models.
Figure 8. Pre-maximum spectral evolution of ASASSN-16fp. The phases
marked are respective to B-band maximum light. The spectra have been
corrected for redshift of the host galaxy and reddening. Vertical shifts have
been applied for clarity and prominent spectral lines are marked. The tel-
luric lines are indicated with encircled plus symbol.
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Figure 9. Top panel: Evolution of the velocity of different spectral lines ob-
served in ASASSN-16fp. Error in these estimates was never below 800 km
s−1. Bottom panel: The photospheric velocity of ASASSN-16fp compared
with BL-Ic SNe (2014ad, 2009bb, 2007ru, 2003jd, 2002ap and 1998bw),
normal Ic SN 2007gr and transitional Ic SN 2004aw. For better identifi-
cation, the symbols of ASASSN-16fp are connected with dotted line (see
Section 4.1).
first spectrum obtained at ∼–9 d shows a blue continuum, with well
developed features due to Ca ii H & K, Mg ii, Fe ii, O i, Ca ii NIR
triplet. The features due to various species are broad, indicating
high expansion velocity of the ejecta. The pre-maximum spectra
of ASASSN-16fp also show a shallow absorption at ∼5150 Å, and
broad absorptions at∼5500, 6000 and 6250 Å . The shallow absorp-
tion at ∼5150 Å was also noticed in the spectrum of SN 2004aw
obtained around maximum light (Taubenberger et al. 2006), which
was unidentified. The absorption at ∼6000 Å can be associated with
Si ii 6355Å (Foley et al. 2003; Valenti et al. 2008a; Hunter et al.
2009; Sahu et al. 2009; Pignata et al. 2011; Drout et al. 2016). The
absorption blue-ward of Si ii line has been identified with Na i pos-
sibly contaminated by He i in other BL-Ic SNe (Pandey et al. 2003;
Valenti et al. 2008a; Hunter et al. 2009; Sahu et al. 2009).
The absorption feature at 6250 Å redward of Si ii 6355Å is
prominently seen in the pre-maximum spectra obtained till −5 d.
The next spectrum taken at +2 d shows only a small kink and be-
yond that the feature is not seen. This absorption feature was also
detected in the early-phase spectrum of SN 2007gr (Valenti et al.
2008b), SN 2004aw (Taubenberger et al. 2006) and SN 2013ge
(Drout et al. 2016). In SN 2004aw and SN 2013ge its possible as-
sociation with C ii 6580 Å has been indicated. In some other cases
this line has also been identified with He i 6678 Å line. It is ar-
gued by Valenti et al. (2008b) that due to increased diffusion of γ-
rays with time (Mazzali & Lucy 1998), the intensity of lines due to
He i is expected to increase. The fact that this line was seen in the
pre-maximum spectra of SN 2007gr and disappeared in the spec-
tra taken close to maximum, led them to identify this line as C ii
6580 Å . They have confirmed detection of carbon by identifying
C ii 7234 Å in the early phase optical spectra of SN 2007gr and
strong C i line (at 8335, 9094 and 9405 Å ) in the optical and (at
10400 Å ) NIR spectrum at around two weeks past B-maximum. As
the expected position of C ii 7234 Å line in ASASSN-16fp is very
close to the telluric absorption, it is difficult to identify this line.
However, we do see a broad absorption around 9000 Å in the spec-
tra of around two weeks after maximum light (see Section 4.2). It
is suggested by Hunter et al. (2009) that the broad absorption seen
∼9000 Å in the spectrum of SN 2004aw and SN 2003jd may be
due to blending of the C i lines (at 8335, 9094 and 9405 Å ). If the
absorption redward to Si ii is identified with C ii 6580 Å the veloc-
ity estimated using this line is always found to be lower than the
velocity measured using Si ii 6355 Å line (c.f. Figure 9, top panel).
In the early phase spectra, the absorption features at 5500,
6300 and 6850 Å are identified as He i (5876, 6678 and 7065 Å )
by Yamanaka et al. (2017) at an expansion velocity of ∼18000 km
sec−1. Assuming this identification, the velocities estimated from
our spectra are plotted in the top panel of Figure 9. It is evident
from the figure that the velocities estimated using these lines match
well with those inferred using the Si ii 6355 Å line. It is shown by
Parrent et al. (2016) that ambiguity is always present in identifying
the absorptions at ∼5500 Å with Na i and He i, at ∼6200 Å with
Si ii and H i, at ∼6300 Å with C ii and He i. This degeneracy can
partially be removed with the help of NIR spectra. Unfortunately,
we do not have NIR spectra of ASASSN-16fp for a firm identifica-
tion.
The Fe ii lines provide a good estimate of the photospheric
velocity, but usually, these are blended. Therefore, Si ii 6355 Å
line is considered as the tracer of the photospheric velocity of the
ejecta (though, contamination of some ions may persist e.g. de-
tached He i 6678 Å, detached C ii 6580 Å and detached Hα, see,
Clocchiatti et al. 1996; Branch et al. 2006; Elmhamdi et al. 2006).
We used Si ii line to estimate the photospheric velocity by fitting
Gaussian profile to the absorption trough in the redshift corrected
spectra. The resulting velocities of ASASSN-16fp along with other
well observed SNe are over-plotted in Figure 9 (bottom panel). It
is worth mentioning that among BL-Ic, SN 1998bw (GRB asso-
ciated), 2002ap and 2014ad show very high expansion velocities
(reaching around 30000 km s−1) few days after the explosion. In
the post-maximum phase (>20 d), the velocity dispersion is small
and a majority of the BL-Ic events stay around ∼8000 km s−1. The
photospheric velocity of ASASSN-16fp declined from ∼19500 km
s−1 to ∼14000 km s−1 during ∼5 d to ∼20 d after the explosion and
beyond ∼25 d, it flattens around 8000 km s−1. The photospheric
velocities of SN 2004aw and SN 2007gr are low, and evolve at
a slower rate as compared to BL-Ic. Among the sample presented
here, the velocity of ASASSN-16fp lies between BL-Ic and Ic (nor-
mal and transitional) events.
In Figure 10, the spectrum of ASASSN-16fp at ∼–5 d is com-
pared with the similar epoch spectra of other BL-Ic and Ic SNe.
Though ASASSN-16fp has been classified as BL-Ic, the difference
between the spectrum of ASASSN-16fp and other BL-Ic SNe is ob-
vious. The spectra of other BL-Ic events, obtained ∼–5 day, show
just a few broad absorption features, superimposed on a blue con-
tinuum. In the spectrum of ASASSN-16fp, features due to various
species are well developed and the continuum is relatively red. The
spectral features of ASASSN-16fp appears to be broader than the
normal Type Ic SN 2007gr and narrower than other BL-Ic SNe.
However, because of the high expansion velocity of the ejecta, fea-
tures of ASASSN-16fp are more blue-shifted and the O i and Ca ii
NIR triplet are heavily blended. The O i and Ca iiNIR triplet are not
developed in the spectra of SN 1998bw, SN 2006aj and SN 2014ad
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Figure 10. Comparison of spectral features of ASASSN-16fp and other
events taken before maximum light (∼–5 days). The spectra have been cor-
rected for reddening and redshift. Vertical shifts have been applied for clar-
ity. In inset, the positions of Si ii and C ii lines are also shown.
Figure 11. Post-maximum phase spectral evolution of ASASSN-16fp. The
host galaxy redshift and reddening corrections are applied. Vertical shifts
have been applied for clarity and prominent spectral lines are marked. Days
relative to maximum light are indicated.
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Figure 12. Comparison of ∼+5 days spectral features of ASASSN-16fp and
other events. For clarity, the spectra have been shifted vertically.
taken around the same epoch. The spectrum of SN 2002ap shows
some signature of these lines at ∼– 4 d.
4.2 Post-maximum spectral evolution
The post-maximum spectral evolution of ASASSN-16fp is dis-
played in Figure 11. It includes spectra obtained between +2 to +33
days relative to B-band maximum. The spectral evolution during
this phase is characterized by the presence of continuum and ab-
sorption troughs. The appearance of such features in the last spec-
trum presented here (+33 d) implies that the SN remained in the
photospheric phase until then. Similar to the light curve, the spec-
tral evolution is also found to be slow.Most of the features observed
in the pre-maximum spectra continue to be present. The feature
redward of Si ii 6355 Å line disappeared in the spectra obtained
during the post-maximum phase. The Si ii 6355 Å absorption starts
becoming narrow. The blending of O iwith Ca iiNIR triplet reduces
and by ∼30 days, both lines appear separated, though the O i line
is contaminated by the telluric absorption. The blend of Fe ii lines
(4924, 5018 and 5169 Å ) seen as broad absorption at ∼5000 Å in
the pre-maximum spectra is getting resolved into its components.
Similarly the absorption at ∼5500 Å, starts splitting possibly into
He i and Na i. After ∼+15 d, some new lines start appearing around
the Si ii 6355 Å line, which have been identified by Parrent et al.
(2016) as due to O i, Fe ii and Ne i (Valenti et al. 2008b). In the red
part of the spectrum, the Ca ii NIR triplet is dominating the spec-
trum and progressively the emission component becomes stronger.
In Figures 12, 13 and 14 the post-maximum spectra of
ASASSN-16fp obtained at ∼+5 d, ∼+15 d and ∼+30 d have
been compared with other well studied Type Ic and BL-Ic SNe.
As ASASSN-16fp evolved, the difference between its spectra
and other less energetic BL-Ic events reduces. The spectrum of
ASASSN-16fp obtained at ∼+5 day is overall very similar to the
spectrum of SN 2002ap, SN 2009bb and SN 2012ap. All the spec-
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Figure 13. Comparison of ∼+15 days spectral features of ASASSN-16fp
and other events. For clarity, the spectra have been shifted vertically.
tral lines in ASASSN-16fp are broader than those in SN 2007gr and
narrower than SN 1998bw and SN 2014ad. This trend continues un-
til the last spectrum presented here. The features in the spectrum of
ASASSN-16fp are better resolved than in other BL-Ic SNe and are
marginally broader and blended than in SN 2004aw. The spectra of
ASASSN-16fp at ∼+15 d and ∼+30 d continue to show the strong
feature at ∼6300 Å identified with Si ii in the pre-maximum spec-
trum. In the spectra of other objects, the width and strength of this
feature is relatively weak. The Na i line in the BL-Ic SNe ∼+30 d
shows broad absorption, while SN 2007gr and SN 2004aw show
a sharp absorption feature. The width of Na i line in ASASSN-
16fp seems to lie in between the BL-Ic and transitional Type Ic
SN 2004aw.
5 SUMMARY AND CONCLUSIONS
We have presented the results based on photometry (optical and
Swift UV) and optical spectroscopy of the transitional Type Ic su-
pernova ASASSN-16fp. The pre-maximum rise and early decline
of the light curves are slow, making them broader in all the bands.
There is no established co-relation between rise and decay time for
SE-SNe. However, the light curve evolution of ASASSN-16fp fol-
lows a general trend of slow risers being also slow decliners (see,
also Prentice et al. 2016).
The peak in I-band is significantly delayed (∼7 d) with re-
spect to B-band maximum, which is found to be longer than the
offset between B and I band maximum for Type Ic and BL-
Ic SNe (c.f. Drout et al. 2011; Taddia et al. 2015). In case of
SN 2004aw the delay was ∼8 d (Taubenberger et al. 2006). It is
noticed that light curve evolution of ASASSN-16fp and transi-
tional Ic SN 2004aw (Taubenberger et al. 2006) exhibit similari-
ties in all bands (cf. Figure 3) including the similar ∆m15 values
in BVRI bands (see Section 3). In addition to ASASSN-16fp and
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Figure 14. Comparison of ∼+1 month spectral features of ASASSN-16fp
and other events. For clarity, the spectra have been shifted vertically.
SN 2004aw, there are just a handful of SE-SNe that have remark-
ably broad light curves with much longer rise times. The BL-Ic
SN 1997ef (Iwamoto et al. 2000; Mazzali et al. 2004), normal Type
Ic SN 2011bm (Valenti et al. 2012) and iPTF15dtg (Taddia et al.
2016) have a rise time of ∼35 d. The long rise time in these events
suggests large ejecta mass, indicating massive Wolf-Rayet stars as
their progenitor.
A combination of gradual cooling of the expanding ejecta
and variation in the ionization states of different species result in
flux change, which consequently appear in the form of temporal
evolution of the colour. The colour evolution of SE-SNe shows
large dispersion (cf. Figure 5). The slow evolution and relatively
redder B − V colour of ASASSN-16fp suggests low photospheric
temperature and/or slower cooling rate of the ejecta. The abso-
lute luminosity of SE-SNe also shows large variation, the BL-Ic
are generally found to be brighter than the normal Ic events (c.f.
Lyman et al. 2016; Prentice et al. 2016). The absolute V-band lu-
minosity of ASASSN-16fp lies towards the fainter end of the abso-
lute luminosity distribution of BL-Ic SNe. Its luminosity is compa-
rable to transitional Type Ic SN 2004aw and brighter than normal
Type Ic SN 2007gr. A detailed discussion on the bulk photomet-
ric properties of SE SNe can be found elsewhere (e.g. Drout et al.
2011; Bianco et al. 2014; Taddia et al. 2015; Prentice et al. 2016).
It appears that the light curve evolution pattern does not have direct
impact on colour curves and absolute luminosity values. Nonethe-
less, such distribution points towards different progenitor channels
and explosion mechanisms.
The spectral evolution of ASASSN-16fp exhibits a similarity
with the transitional Type Ic SN 2004aw. The width of the spec-
tral lines of ASASSN-16fp are intermediate between transitional
Type Ic SN 2004aw and BL-Ic SN 2002ap (Gal-Yam et al. 2002;
Mazzali et al. 2002; Foley et al. 2003). Most of the well developed
spectral features were present in the first spectrum obtained ∼–9 d
and were found to evolve slowly. The initial photospheric velocity
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of ASASSN-16fp was moderately high (∼20000 km s−1), compa-
rable to SN 2007ru at similar epochs. In the pre-maximum phase,
C i lines were detected but with weaker strength than SN 2007gr.
Recently, Yamanaka et al. (2017) have presented their results
on ASASSN-16fp. They have identified He i lines in their pre-
maximum spectra and classified this event as broad-lined Type
Ib SN. However, they also mentioned that in many respects
ASASSN-16fp is similar to a BL-Ic SN (see their Section 3.1).
The classification of SNe Ib and Ic (BL-Ic) is based on pres-
ence or absence of He i lines in their spectra, though it is debat-
able. Some theoretical models predict that progenitors of Ic SNe
may contain helium (e.g., Dessart et al. 2012), but others argue
in favor of helium-free SN Ic progenitors (e.g. Hachinger et al.
2012; Frey et al. 2013). In some of the Ic and BL-Ic SNe, He i
lines have been detected e.g. SN 1994I (Clocchiatti et al. 1996),
SN 2004aw (Taubenberger et al. 2006), SN 2009bb (Pignata et al.
2011) and SN 2012ap (Milisavljevic et al. 2015). In case of SN Ib,
the strength of the He i lines increases with time (Mazzali & Lucy
1998; Matheson et al. 2001). Yamanaka et al. (2017) have shown
that around 15 d after explosion, the He i lines became very weak
in ASASSN-16fp. The identification of He i 20587 Å in the NIR
spectrum is another strong clue to confirm the presence of the he-
lium (Taubenberger et al. 2006). A better follow-up of NIR spec-
trum along with non-LTE spectral codes (to properly treat non-
thermal excitations) could help identify the helium features more
robustly, shedding some light on evolutionary stages of massive
stars (e.g. Yoon & Langer 2005; Langer 2012).
The light curve and spectral evolution of ASASSN-16fp
indicate that it is a transitional Type Ic supernova (similar to
SN 2004aw), having spectral properties between normal Type Ic
and broad-lined Type Ic. The synthesized radioactive 56Ni pow-
ers the SN light curve. The 56Ni mass in BL-Ic/GRB-SNe is
generally high (Drout et al. 2011; Cano 2013; Lyman et al. 2016;
Prentice et al. 2016), making them more luminous than other SE-
SNe. However, it may also be possible that even if a similar amount
of 56Ni is produced, the slow expanding SNe may be fainter (Cano
2016). Furthermore, the location and degree of mixing of nickel
will also affect the observational features. The occurrence of late
peak and slow evolution of the light curve of ASASSN-16fp may
possibly be due to the shallow distribution and deeply located 56Ni
in the ejecta (see Piro & Nakar 2013).
The explosion parameters of ASASSN-16fp were estimated
by fitting Arnett-Valenti analytical model to the bolometric light
curve (see Section 3.4). The derived value of mass of the ejecta
(Mej) ∼4.5± 0.3 M⊙ and kinetic energy (Ek) ∼6.9+1.5−1.3 × 10
51 erg,
are comparable to those of other BL-Ic events (Lyman et al. 2016).
However, mass of 56Ni (MNi) 0.10 ± 0.01 M⊙ for ASASSN-16fp
is found to be lower than the median value estimated for BL-Ic
SNe (Cano 2013; Lyman et al. 2016). We also estimated physical
parameters of ASASSN-16fp using Vinkó’s analytical model and
the derived values were found to be consistent with those obtained
from Arnett-Valenti model.
The observed diversity in Ic/BL-Ic SNe has been attributed
to the asphericity of the ejecta and/or jet induced explosions (e.g.
Khokhlov et al. 1999; Kawabata et al. 2002). The spectropolari-
metric/polarimetric data will be helpful in constraining the geom-
etry of the explosion. The spectral evolution during the nebular
phase will reveal the deeper layers of the ejecta. The line pro-
file in the nebular phase also provides clues about the geometry
of the ejecta. Mazzali et al. (2005) suggested that double-peaked
emission-line profiles of [O i] may be indicative of asymmetric ge-
ometry of the explosion. Such features have been found in many
SNe (Maeda et al. 2008; Modjaz et al. 2008; Taubenberger et al.
2009; Milisavljevic et al. 2010). A critical analysis of the nebular
phase spectra of ASASSN-16fp will be useful for understanding
the observed properties in greater detail.
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